INTRODUCTION
immunofluorescence and in situ hybridization procedures are two unrelated, but sensitive techniques by which the response In situ hybridization and immunocytochemistry are powerful of individual bacterial cells can be observed. Thus indeand versatile techniques for the detection and localization of pendent confirmation can be obtained regarding the reactivity DNA, RNA, proteins and other bio-polymers within bacterial of a single bacterial cell to enhance the certainty of its identity. cells. These techniques have been used in environmental
In a previous study (Li and De Boer 1995b) , the 16S rRNA microbiology (Amann et al. 1990b ; Manz et al. 1992) and gene of all five subspecies of C. michiganensis was sequenced phytobacteriology (Alvarez et al. 1991 ; De Boer et al. 1994) and compared with sequences of other related bacteria for detecting and identifying bacteria of industrial and agriretrieved from the GenBank (Bensen et al. 1993) . In this cultural importance. study, an oligonucleotide probe was selected from the 16S Detection of Clavibacter michiganensis subsp. sepedonicus, ribosomal gene that would specifically hybridize to C. m. causal agent of the bacterial ring rot disease of potato, in sepedonicus rRNA. A fluorescently labelled oligonucleotide asymptomatic seed potatoes is important for disease control probe was used for in situ hybridization of cells fixed to glass and eradication. Current detection and plant indexing microscope slides followed by immunofluorescence staining methods are based on immunofluorescence tests and enzymewith a subspecies-specific monoclonal antibody (De Boer linked immunosorbent assays (ELISA described by Amann et al. (1990b) . Briefly, 20 ml of four 10-fold dilutions of fixed cells (ca 10 9 cells ml −1 ) in sterile designates uncertain nucleotide mol l −1 NaCl, 0·05% Tween 20, and 0·2% skim milk powder, pH 8·0) at 55°C for EUB338 and 45°C for P1015. Ten ml aliquots of oligonucleotide probe (5 ng ml −1 ) in hybridization et al. 1983) was selected as a specific probe (P1015) for C. m.
buffer were added to each well and hybridization was allowed sepedonicus. Universal eubacterial probe EUB338 (5?-to proceed for 5-12 h at 55°C for probe EUB338 and 45°C GCTGCCTCCCGTAGGAGT-3? ; Amann et al. 1990a ;  for P1015 before washing the slides for 30 min at 45°C Manz et al. 1992) was used as a positive control for the in situ with PBST. Cover slips were mounted on slides with 50% hybridization protocol. The oligonucleotide probes coupled glycerol/PBS (0·01 mol l −1 phosphate-buffered saline, pH with tetramethylrhodamine isothiocyanate at the 5? end by 7·2) and observed at 1000× magnification with a Zeiss Axioan aminohexylphosphate linker group (Aminolink 2, Applied phot fluorescence microscope using a green excitation filter. Biosystems) were purchased from the University of Calgary Core DNA services (Calgary, Alberta, Canada).
Combination of in situ hybridization and immunofluorescence Bacterial strains and cell fixation
Bacterial strains, listed in Table 1 , were grown on YGM After in situ hybridization, carried out as above, and washing of slides, 20 ml of monoclonal antibody 9A1 (De Boer and (yeast extract, glucose, mineral salts) medium (De Boer and Copeman 1980) for 2-3 d. Bacterial cells were fixed overnight Wieczorek 1984) diluted in PBST was added to each well. The slides were incubated at 37°C for 1 h and then washed in a paraformaldehyde solution (4% in 0·25 mol l −1 sodium carbonate buffer, pH 9·5, with 0·1 mol l −1 NaCl) at 4°C and with PBST. Finally, each well was flooded with 20 ml of goat anti-mouse fluorescein conjugate (Bio/Can Scientific Inc., Mississauga, ON) in PBST and the slides incubated at 37°C for 1 h. Conjugate was washed off the slides with PBST and coverslips were mounted with 50% glycerol in PBS.
--------------------------------------------------------------------------Bacterial species and strains* Reaction with probe --------------------------------------------------------------------------
C. m. sepedonicus (3Rc, R2, R14, P45 †, LMG2889, CS3NM ‡) ¦ C. m. insidiosus (N, LMG3663) − C. m. michiganensis (3, 5, 6, ICPB8, LMG7333) − C. m. nebraskensis (LMG5627) − C. m. tessellarius (ATCC33566, LMG7295) − Rathayibacter iranicus (ICPB147, ICPB148) − R. rathayi (ICPB1) − Erwinia carotovora subsp. carotovora (71) − Erw. carotovora subsp. atroseptica (31) − -
-------------------------------------------------------------------------
Microscopic observations were made with both green and blue light excitation.
RESULTS AND DISCUSSION
Ribosomal RNAs play an essential role in bacteria for protein synthesis and are generally conserved, although variable regions are present in rRNA molecules (Woese 1987) . These regions provide useful sequences for designing oligonucleotide probes with different specificities (Amann et al. 1990b ; Manz et al. 1992) . There are more than 1000 copies of rRNAs, such as 16S rRNA, in an active bacterial cell which variable region of 16S rRNA, respectively. Hybridization of EUB338 to both bacteria was evident from the bright red fluorescence emitted by treated cells when observed microMonoclonal antibody 9A1 has been widely used in immunofluorescence tests in Canada and several European scopically as demonstrated by Amann et al. (1990a) . In contrast, P1015 only hybridized with C. m. sepedonicus cells.
countries for potato indexing (De Boer et al. 1994) . Positive/negative thresholds based on the number of fluorescing Specificity of the P1015 probe for the target subspecies was shown in subsequent experiments with other subspecies of cells needed to be established, however, because at low population density the presence of the pathogen could not be C. michiganensis and related bacteria (Table 1) .
Probe P1015 is complementary to a G¦C rich region of independently confirmed by other procedures such as ELISA, bioassay or isolation. These procedures are all less the 16S rRNA of C. m. sepedonicus, but has one to three mismatches to the corresponding region of the other subsensitive than immunofluorescence. A PCR test developed by Li and De Boer (1995a) and Schneider et al. (1993) can species of C. michiganensis. These differences were adequate, however, to provide subspecies specificity. Others have also potentially be used to confirm serological test results but requires a fairly extensive DNA extraction procedure. Furshown that one basepair mismatch is all that is required to prevent hybridization of labelled oligonucleotide in the in situ thermore, it is possible that false-positive serological and false-positive PCR results are due to different microbial procedure (Manz et al. 1992 ; Langendijk et al.1995) .
By combining in situ hybridization and immunopopulations within a sample. It is less likely for the same individual cells to give false-positive test results by both fluorescence, both the specific monoclonal antibody 9A1 and the specific oligonucleotide probe P1015 simultaneously labserological and DNA-based procedures. By the simultaneous application of in situ hybridization and immunofluorescence, elled C. m. sepedonicus cells (Fig. 2) . Using green excitation for rhodamine and blue excitation for fluorescein, we could two independent criteria for identification are applied to the same bacterial cells in a crude mixture, allowing accurate visualize the same individual C. m. sepedonicus cells in red (rhodamine dye-labelled oligonucleotide probe) and green identification of single cells and thereby significantly improving certainty of diagnosis. (fluorescein-labelled monoclonal antibody) fluorescence. A few of the cells (Fig. 2) were stained only with fluorescein suggesting that either those cells were dead and the rRNA ACKNOWLEDGEMENT was denatured or the oligonucleotide probe did not penetrate the cells. To our knowledge, this is the first attempt to apply
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